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Abstract 

Evidence for a positive longitudinal double-spin asymmetry {A'^) — 0.24 ± O.llstat ± 0.02syst in 
the cross section for exclusive diffractive p'^(770) vector meson production in polarised lepton-proton 
scattering was observed by the HERMES experiment. The longitudinally polarised 27.56 GeV HERA 
positron beam was scattered off a longitudinally polarised pure hydrogen gas target. The average 
invariant mass of the photon-proton system has a value of (W) — 4.9 GeV, while the average negative 
squared four-momentum of the virtual photon is (Q^) — 1.7 GeV^. The ratio of the present result to 
the corresponding spin asymmetry in inclusive deep-inelastic scattering is in agreement with an early 
theoretical prediction based on the generalised vector meson dominance model. 
FAGS numbers : 13.25.-k; 13.40.-f; 13.60.-r; 13.60.Le; 13.88.-Fe; 14.40. Gs 
Keywords ; Lepton-Nucleon Scattering, Rho Production, Asymmetries, Photoabsorbtion. 
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DifFractive p° production in lepton-nucleon 
scattering is often described as the fluctuation of 
the virtual photon emitted by the lepton into an 
intermediate virtual qq state or ofF-shell p*^ me- 
son. This intermediate state is scattered onto 
the mass shell by a diffractivc strong interaction 
with the target, leaving the target nucleon in- 
tact . Several competing models for this process 
are schematically shown in the graphs of Figure |l|. 
At low energy the p° cross section shows a strong 
decrease with increasing energy [|-|, which can 
be described by the exchange of Reggeons. At an 
invariant mass of the photon-nucleon system of 
approximately W = 5 GeV (see below for defini- 
tions of all kinematic variables), the cross section 
exhibits a dramatic change from a rapidly falling 
to a weakly rising W-dependence ^ || . Above 
this energy, models of the interaction based on 
Regge theory involve the exchange of Pomcrons. 
Alternatively, there exist perturbative QCD cal- 
culations of vector-meson production by longitu- 
dinal photons that are based on the exchange of 
quarks and gluons and on the non-perturbative 
description of nucleon structure in terms of skewed 
parton distributions l7|-[l0|]. Both types of mod- 
els — Regge theory and pQCD calculations — 
have achieved some degree of success in reproduc- 
ing the observed unpolarised cross sections for 
production |ll|, |l^] . It has been shown that in 
the HERMES kinematic range, the data for ex- 
clusive p'^ production by longitudinal photons can 
be described by a pQCD calculation that includes 
a combination of both quark and gluon exchange 
mechanisms M. 




Figure 1: Schematic graphs for various models of 
exclusive diffractive p^ production: a) Reggeon or 
Pomeron exchange in models based on Regge the- 
ory, b) two-gluon exchange and c) quark exchange 
in models inspired by perturbative QCD. 



Previously, the spin dependence of the lep- 
toproduction process has been investigated by mea- 
suring the angular distributions of the production 
and the self-analysing p" ir^ir' decay. Spin 
degrees of freedom in the cross section can be 
described by spin density matrix elements con- 
structed from helicity-conserving and non-conser- 
ving amplitudes for particle exchange in the t- 
channel [|l3|. Experiments have shown that the 
helicity of the photon in the 'y*N centre-of-mass 
system is approximately retained by the p^ meson, 
a phenomenon known as s-channel helicity con- 
servation (SCHC), and that the exchanged object 
has natural parity (—1)^ [D, which can be asso- 
ciated with e.g. Reggeon and Pomeron exchange. 
Typically, the initial spin states of the target nu- 
cleon were averaged and the final spin states were 
summed |l3|, since they were experimentally in- 
accessible. The general case where the initial spin 
states of a longitudinally polarised beam and a 
longitudinally or transversely polarised target are 
explicitly included in the formalism of spin density 
matrix elements has been discussed in Ref. p4| . 

Up to now, little attention has been paid to the 
theoretical prediction of double-spin asymmetries 
in the cross section for diffractive processes, i.e. to 
the dependence of the cross section on the product 
of the initial polarisations of beam anrf target; usu- 
ally a double-spin asymmetry of zero was assumed 
for p" production. Nevertheless, there exists early 
work where spin asymmetries are given by the ra- 
tio of helicity-conserving amplitudes of unnatural 
to natural parity exchange in the t-channel; this 
work is based on the formalism of spin density 
matrix elements and the generalised vector meson 
dominance model (GVMD) |15| which describes 
the hadronic fluctuation of the virtual photon as a 
coherent superposition of vector meson states and 
the transitions between them. In particular, the 
longitudinal double-spin asymmetry in exclusive 
p° production was predicted to be about twice as 
large as the corresponding asymmetry in inclusive 
deep- inelastic scattering (DIS) 

No published prediction based on perturba- 
tive QCD calculations exists for double-spin asym- 
metries in the photo- or lepto-production of p'^ 
mesons. Polarised quasi-real J/tJj photoproduc- 
tion involving the exchange of two gluons was dis- 



3 



cussed in Ref. [|T^. However, because this calcula- 
tion relies on the heavy quark approximation, the 
relevant physics for this process is qualitatively 
different and no direct implications for exclusive 
p° production in the HERMES kinematic range 
can be drawn. 

This paper presents the first observation of a 
non-zero longitudinal double-spin asymmetry in 
the cross section for exclusive /9°(770) meson pro- 
duction in polarised lepton-nucleon scattering. 
This observable was measured by the HERMES 
experiment Q in the years 1996 and 1997. 

The HERMES experiment uses the polarised 
27.56 GeV positron beam of the HERA storage 
ring. A transverse polarisation of the positron 
beam develops through an asymmetry in the small 
spin-flip amplitudes for synchrotron radiation in 
the bending dipoles — the Sokolov-Ternov effect 
p^ . Longitudinal beam polarisation is achieved 
by spin rotators in front and behind the experi- 
ment. Typical beam polarisation values are be- 
tween 0.5 to 0.6, measured with a negligible sta- 
tistical uncertainty and a systematic uncertainty 
of 0.02 (20). 

In the years 1996 and 1997 a longitudinally 
polarised internal atomic hydrogen gas target was 
used ||2l[] . The orientation of the target polarisa- 
tion is randomly selected about once per minute. 
The average target polarisation for the combined 
1996 and 1997 data on the polarised hydrogen tar- 
get is 0.88±0.05, where the uncertainty is predom- 
inantly systematic. 

The forward magnetic spectrometer [p^ is di- 
vided into symmetric upper and lower halves by 
the positron and the (unused) proton beam lines. 
The acceptance covers 40 < 16*1,1 < 140 mrad in 
the vertical direction and |6'h| < 170 mrad in the 
horizontal direction. Over the kinematic range 
of the experiment, the momentum resolution for 
positrons is 0.7-1.3% and the uncertainty in the 
scattering angle is about 0.6 mrad. Positrons are 
distinguished from hadrons by four sub-systems 
for particle identification: a lead-glass electromag- 
netic calorimeter, a preshower detector, a tran- 
sition-radiation detector, and a threshold Ceren- 
kov detector. The positron identification has an 
efficiency of better than 98% at a hadron contam- 



ination of less than 1% over the kinematic range 
of the experiment. The relative luminosity for the 
two target spin states is measured by counting co- 
incident e+e~ pairs from elastic (Bhabha) scatter- 
ing of the beam positrons off the electrons of the 
target gas atoms. The present data correspond to 
an integrated luminosity of about 55 pb~^. 

At HERMES energies, the Icpton-nuclcon in- 
teraction is mediated by a virtual photon with 
negative 4-momentum squared = —q^ = —{k — 
k'fr^AEE'sm^ (6»/2), where k (E) and fc' {E') de- 
note the four-momenta (energies) of the incom- 
ing and outgoing lepton and 8 is the polar scat- 
tering angle of the lepton. The target nucleons 
are at rest: p ~ (A/, 0). The invariant mass W 
of the photon-nuclcon system is given by = 
[q+pf '= M2 + 2Mv - Q2. Here, u=p-q/M = 
E — E' denotes the photon energy in the target 
rest frame and y = v/E the fractional photon 
energy. The Bj0rken scaling variable is defined 
as a; = /2Mv. In diffractivc production, 
the photon-nucleon cross section falls exponen- 
tially with the squared four-momentum transfer 
to the target i= (g— w)^ < 0, with v the four-mo- 
mentum of the meson. At to, the maximum 
(least negative) value of t kincmatically allowed 
for fixed Q^, V, My, and M^^-^, the momentum 
of the final state meson is parallel to the di- 
rection of the incoming photon in the photon- 
nucleon centre-of-mass system. Here, My is the 
invariant mass of the undetected final state and 
A/^jr = is the reconstructed invariant mass 
of the candidate. The squared four-momentum 
transfer t' beyond to is given hy t' = t — tQ < Q. 
In order to select exclusive diffractive events, the 
excitation energy /S.E transferred to the target 
nucleon can be used as a measure of exclusivity: 
AE={M^-M'^)/2M^= v-Ep + t/2M, with Ep 
the energy of the p'^ meson. In the case of an 
exclusive process, no energy is transferred to the 
target {AE = 0), and the target nucleon stays 
intact (p'^ — p'^)- 

Three angles $, 0, and 6 are necessary for a 
complete description of the angular distribution of 
the p^ meson production and decay ||l^. The az- 
imuthal production angle $ is the angle between 
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the lepton scattering plane and the p° meson pro- 
duction plane in the photon-nucleon centre-of-mass 
frame. The p'^ decay is described in the meson 
rest frame by two angles: i) the azimuthal angle 4> 
between the production and the decay plane and 
ii) the polar angle 9 of the positively charged de- 
cay particle with respect to the z-axis of the p° 
meson rest frame, which is defined opposite to the 
direction of the scattered nucleon. 

In the exclusive process ep — > epp°, only the 
scattered positron and the p° tt+tt^ decay prod- 
ucts are detected at HERMES, since the recoiling 
target proton remains outside of the spectrome- 
ter acceptance. Consequently, as a first step, only 
events were selected with exactly three tracks — 
a positron and two oppositely charged hadrons. 
The tracks are required to be within the nominal 
spectrometer acceptance and to originate from a 
common vertex in the target region. To ensure 
that the trigger efficiency is close to unity, a min- 
imum energy of the scattered positron above the 
calorimeter threshold of the trigger is required. 

The candidates are selected within the range 
0.62 < M^TT < 0.92 GeV of the reconstructed invari- 
ant mass of the hadron pair. The requirement 
—t' < 0.4 GcV^ suppresses non-diffractive pro- 
cesses, which fall off more slowly with —t' than 
diffractivc production. Exclusive events ap- 
pear as a peak near zero in the excitation en- 
ergy distribution shown in Fig. H; the shaded area 
\AE\ < 0.6 GeV indicates the events used for 
analysis. For AE > 2 GeV the spectrum is domi- 
nated by background from non-exclusive processes 
where, for example, energy is absorbed by the tar- 
get. After all selection criteria were applied, about 
2800 exclusive p^ events remained from the com- 
bined 1996 and 1997 data on the polarised hy- 
drogen target. The average values of the relevant 
kinematic variables are (W) = 4.9 GeV, (Q^) = 
1.7 GeV^ (-i')=0.1 GeV^ (x)=0.07. HERMES 
results on the cross section for exclusive p° pro- 
duction and spin density matrix elements as well 
as distributions of the invariant mass, f and other 
kinematic variables can be found in Refs. P, p^ , |27[ | . 

The predominant contribution to the back- 
ground from non-exclusive processes is combinato- 
rial hadronic background from deep- inelastic scat- 
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Figure 2: Distribution in the excitation energy 
AE for the decay channel p° — > tt+tt", after all 
other event selection criteria were applied. The 
histogram is a Monte Carlo simulation of combi- 
natorial background from deep- inelastic scattering 
(DIS). The shaded area indicates the events that 
were used for the analysis. 



tering events. In the region of the exclusive peak 
(shaded area in Fig. H), it is not separable on 
an event-by-event basis. It is subtracted using a 
Monte Carlo simulation based on the LEPTO |23| 
generator and the LUND fragmentation model |24]. 
The Monte Carlo events are subject to the p" 
event selection criteria yielding the AE distribu- 
tion shown by the histogram in Fig. ||; it is nor- 
malised to the data in the region AE > 3 GeV. 
The contamination in the p*' data sample within 
the signal region \ AE\ <0.6 GeV is typically less 
than 10%. For the asymmetry analysis, the back- 
ground was subtracted separately for each spin 
state and kinematic bin, accounting for the asym- 
metry contribution from DIS background. The 
statistical uncertainty in this background correc- 
tion is propagated into the statistical uncertainty 
of the measured asymmetry. 

An additional contribution to the non-exclusive 
background arises from double-dissociative diffrac- 
tive p° production. This process is similar to the 
exclusive process of interest, except that the pro- 
ton target is dissociated. Based on previous mea- 
surements p5[ | , the contribution of this background 
was estimated Q to be less than 6 ± 2 % within 
the stringent |A£'| < 0.6 GeV requirement. 

Background from exclusive processes includes 
the contributions of non-resonant pion pair pro- 
duction and of the decay a;(783) TT+TT^ (branch- 
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ing ratio 2.2%). These two processes contribute 
less than 1% to the signal region; for the present 
analysis both contributions remain within the data 
sample. Mis-reconstructed 4) meson decays 4> 
K+K~ appear at M^^ below 0.6 GeV, and are ex- 
cluded by the invariant mass requirement. 

In lepton-nucleon scattering, with both target 
and beam longitudinally polarised, the experimen- 
tally accessible lepton-nucleon cross section asym- 
metry A\\ is defined in terms of and tr*", the 
cross sections for parallel and anti-parallel orien- 
tation of the target polarisation with respect to 
the direction of the beam polarisation: 



A 



(1) 



It is determined from the number of events 
iV^'^^ per beam and target spin configuration, 
weighted with the relative luminosities of each spin 

configuration L^'*"^ and Lp^^\ Here, L~^^"'^ = 

(L-Ipb'PtI)^'-'^^ is the relative luminosity weighted 
with the product of beam and target polarisation. 
For the HERMES pure hydrogen gas target, no 
dilution from other material exists. The statisti- 
cal uncertainty of A\\ is determined by the event 
statistics; the small statistical uncertainties of the 
luminosity and the polarisation measurements are 
included in the systematic uncertainty. 

The spin dependence of the photon-nuclcon in- 
teraction is characterised by two asymmetries of 
the interaction cross section for virtual photons: 
i) the asymmetry Ai for a transverse photon with 
well defined helicity interacting with a longitudi- 
nally polarised target nucleon and ii) the asymme- 
try A2, which arises from the interference between 
transverse and longitudinal photons. Specifically, 

^ ^1/2-^3/2 ^^^^ ^ cj^T 

<^l/2+<^Z/2 Cri/2+ 0-3/2 

Here (T3/2 and (J1/2 denote the virtual-photon in- 
teraction cross sections, with 3/2 and 1/2 the pro- 
jection of the total spin of the photon-nucleon 
system along the photon momentum, and olt = 
y/o'L • o'T is the interference cross section between 
longitudinal and transverse photons. The defini- 
tions of Ai and A2 are formally independent of 



the physics process that the virtual photon under- 
goes. Note that in inclusive DIS, Ai and A2 can 
be interpreted in terms of the polarised structure 
functions gi and (72- 

The measured asymmetry A|| is related to the 
photon-nucleon interaction asymmetries Ai and 
A2 by 



A\\= D - {Ai + T]A2 



(3) 



The effective polarisation D of the virtual photon 
is given by 



D = 



1 + eR 



and 



i-y 



4B2 



1^ 



(4) 



4W 



with e^r^/rT the ratio of fluxes and R — (7l/o't 
the ratio of the reaction cross sections for longi- 
tudinal and transverse photons. The kinematic 
factor r] in Eq. ^ is given by 77 = 2e^/Q^/{{M + 
2E)[l-{l~y)e]}. 

In exclusive production, the ratio R can be 
measured via the angular distributions of the p'^ 
decay; it shows a strong increase with Q^, becom- 
ing larger than unity ] at > 3 GeV^. From a fit 
to HERMES data 127 1 , a parameterisation of R in 
the form 



(5) 



with parameters cq = 0.32 and ci = 0.66 was 
obtained. This parameterisation yields for the 
present exclusive p° data sample an average value 
of D = 0.4: at an average value of i? = 0.62. From 
the value of R follows that the contributions of 
longitudinal and transverse photons to produc- 
tion at HERMES are about equally important; 
however, as longitudinal photons have zero helic- 
ity, the asymmetry A'^ discussed here can arise 
only from transverse photons. 

In inclusive deep-inelastic scattering, the asym- 
metry A2 was measured using a transversely po- 
larised target to be positive but close to zero p8| , 
29 1 . In contrast, in production information 
about A2 is available through the measurement 
of angular distributions of the decay pions. For 

^ For comparison, the ratio R in inclusive DIS has a flat 
distribution and varies between 0.2 and 0.4 [p^, p^. 
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W >3 GeV, the interference cross section ctlt is 
maximal, since the phase difference between am- 
pHtudcs for p*' production from transverse and 
longitudinal photons was measured to be small [ p7| 
The contribution of A2 to is then given by the 

positivity limit A2 = \/R{Q'^)- It is suppressed by 
the small kinematic factor 77, which has an average 
value (77) = 0.06 for the exclusive p° data sample. 

The photon-nuclcon asymmetry in a given 
kinematic bin is obtained from the experimental 
Icpton-nuclcon asymmetry An using Eq. H: 



Al = j^^{vVRm), (6) 

where {D) and (77^/ R{Q'^)) arc the average values 
for all events in the bin. 

The stability of the observed asymmetry was 
studied by varying the event selection requirements 
and comparing alternative methods of background 
subtraction These systematic studies were 

performed for both the experimental asymmetry 
Ay and for the photon- nucleon asymmetry A^. 
No significant dependence on the event selection 
criteria was observed during variation of require- 
ments on vertex geometry, particle identification 
and event kinematics. Using the DIS Monte Carlo 
simulation, a contribution of DIS background to 
the asymmetry Ajj of 0.003 was found, and taken 
as an upper limit on the associated systematic 
uncertainty. Two alternative techniques of back- 
ground subtraction produced similar results: one 
based on events at high values of ~t' where the 
non-exclusive background dominates the data , 
and another using an empirical fit to the elastic 
peak in the AE distribution. The quoted asym- 
metries and the bin centers have not been cor- 
rected for the limited acceptance of the spectrome- 
ter for p° production; resolution effects and bin-to- 
bin smearing can be neglected due to the large bin 
size in the present analysis. A comparison of the 
1996 and 1997 data sets with opposite beam helic- 
ities yielded consistent results, excluding possible 
contributions from single-spin asymmetries. The 
contribution of electroweak radiative processes to 
the measured asymmetry is expected to be negligi- 
ble . The uncertainties in the beam and target 
polarisation measurements cause a 6.6% fractional 



systematic uncertainty in the asymmetries. 

Evidence for a positive double-spin asymme- 
try has been observed in the lepton-nucleon cross 
section for exclusive p° production on the longitu- 
dinally polarised hydrogen target. Averaged over 
the kinematic acceptance, the measured asymme- 
try has a value of 

(AP) - 0.119 ± 0.045stat ± O.OOSsyst, (7) 

where the systematic uncertainty is dominated by 
the contributions from the beam and target po- 
larisation measurements. Using the average depo- 
larisation factor {D) = 0.40, the average photon- 
nucleon asymmetry A'^ was found according to 
Eq.| 

K) =0.24±0.11,tat±0.02,y,t, (8) 

where a contribution {rj^/li) = 0.053 by the asym- 
metry A2 was subtracted. 

Fig. ^ shows the dependence of A^ on the kine- 
matic variables Q^, W , x, —t', and the angles $ 
and 0. Error bars denote the statistical uncertain- 
ties and the dark band at the bottom of the plots 
indicates the systematic uncertainty. Within the 
statistical uncertainty of the measurement, no sig- 
nificant dependence on any of the kinematic vari- 
ables or angles can be seen in either Ajj or in Af^. 

The present result for A^ is compared to the al- 
ready mentioned theoretical prediction jl^ , which 
is based on the description of diffractive exclusive 
p° leptoproduction and inclusive deep-inelastic 
scattering by the GVMD. At x < 0.2, this model 
can relate the asymmetry for exclusive p'^ pro- 
duction Af^ to the asymmetry AJ ^ for inclusive 
DIS at the same value of x. Assuming an approx- 
imate validity of SCHC, spin asymmetries were 
written as the ratio of helicity-conserving ampli- 
tudes of unnatural (— l)'^^^ to natural (—1)^ par- 
ity exchange in the t-channcl. A non-zero asym- 
metry indicates a contribution of exchange pro- 
cesses with unnatural parity to the interference 
responsible for the asymmetry. This contribu- 
tion may be large enough to yield an asymmetry 
while remaining negligible in the incoherent sum of 
squared amplitudes for the cross section that was 
observed to be dominated by natural parity ex- 
change in measurements of angular distributions 
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Figure 3: Photon- nuclcon asymmetry in ex- 
clusive p° production versus Q^, W x, —t', $, and 
9. Error bars and error bands denote the statis- 
tical and experimental systematic uncertainties, 
respectively. 

in p° production and decay ||27|] . Such an unnatu- 
ral parity exchange is consistent with an exchange 
of diquark objects as they can have both natural 
and unnatural parity. Quark exchange has been 
shown to be the predominant contribution in ex- 
clusive p° production by longitudinal photons at 
HERMES energies the present result suggests 
that diquark exchange may also contribute to 
production from transverse photons. 

In Ref. [ p^ , numerical predictions for the ra- 
tio Al/Aj ^ were made for lepton beam energies 
of 15 GeV and 50 GeV. From these predictions, a 



ratio Al/Aj ^ of about 2 can be interpolated for 
the HERMES beam energy of 27.56 GeV i.e. at 
(W) = 4.9 GeV. With a value of A'1*p{x = 0.07) = 
0.13, obtained from a parameterisation of the in- 
clusive asymmetry measured at HERMES |3|], a 
ratio A^/AJ ^ = 1.9±0.8 is inferred from the data, 
where the uncertainty is determined from the sta- 
tistical uncertainty of A^. This result is consis- 
tent with the above theoretical prediction that was 
made a quarter of a century before the data be- 
came available. 

The ratio A^/AJ ^ also has another interpre- 
tation if certain assumptions are made. The two 
processes are schematically shown in Fig. ^. As 





Figure 4: Schematic graphs for exclusive p'^ pro- 
duction (a) and inclusive Icpton-nucleon scatter- 
ing (b). 

already mentioned, only transverse photons can 
contribute to the double-spin asymmetries A^ and 
AJ ^. For transverse photons both asymmetries 
can be expressed in terms of s-channel helicity am- 
plitudes as 



A1- 



\ftt\'- 



1/ 



-i-i- 1 



I/- 



AJ 



++ 1 



Im/++-Im/-- 
Im/+++Im/++ 



(9) 



Here, f^" are the helicity-conserving {a = a', 
i = i') amplitudes with = ±1/2 the helicity 
of the incident and scattered nucleon, a = 0, ±1 
the helicity of the incident photon, and a' = 0, ±1 
the helicity of the outgoing photon or meson. 
Here it is assumed that the above helicity am- 
plitudes for production and inclusive reactions 
differ only by a common factor, and that the con- 
tributions of helicity- flip amplitudes (a 7^ a', i^i') 
are small and can be neglected. For the asym- 
metry in the cross section for p° production, the 
amplitudes have to be squared, while the expres- 
sion for the asymmetry in the inclusive reaction 
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is based on the optical theorem. Assuming that 
/++ and are primarily imaginary, as is the 
case for exclusive reactions at small x, the ratio 
A^/AJ ^ can be approximated as 

(10) 

AJP 1 + {AJ ^ ' 

which is about 2 since the inclusive asymmetry at 
low X is of order 0.1. 

In models based on perturbative QCD ||^ , dif- 
fractive p° production by longitudinal photons is 
described by three distinct components: a distri- 
bution amplitude for the meson, a hard scattering 
amplitude for the exchange of quarks and gluons, 
and a non-perturbative description of the target 
nucleon by skewed parton distributions (SPD's) 
allowing a sensitivity of the diffractive process to 
the internal (spin) structure of the nucleon. A gen- 
eral proof of the factorisation theorem in diffrac- 
tive meson production, an important prerequisite 
for the definition of SPD's, exists only for longi- 
tudinal photons, and does not apply to the pro- 
duction of mesons from transverse photons P,p^. 
As an important consequence, a clear interpreta- 
tion of the asymmetry A'^ within the framework 
of perturbative QCD and skewed parton distribu- 
tions presently does not exist and would require 
substantial theoretical progress. 

The present result indicating a non-zero double- 
spin asymmetry is in contrast to the preliminary 
result of a similar measurement by the SMC col- 
laboration at comparable values of but at 
three times higher W, i.e. at smaller x. Their 
measurement of A'^^ in several bins in is consis- 
tent with zero, with a better statistical precision 
than the present measurement. In the context of 
Ref. |l6) their is expected to be smaller since 
the asymmetries in inclusive deep-inelastic scat- 
tering decrease at the smaller values of x probed 
by the SMC measurement. Alternatively, at SMC 
the diffractive process is believed to be dominated 
by Pomeron or gluon exchange, whereas at the 
lower HERMES energy, there are indications that 
p'^ production is dominated by Reggeon or quark 
exchange ; the different asymmetry results of 
SMC and HERMES might well reflect the differ- 
ent production mechanisms in the two kinematic 
regimes. 



In summary, evidence for a non-zero longitu- 
dinal double-spin asymmetry in the cross section 
for exclusive p'^ production in lepton-nucleon scat- 
tering has been observed. The value measured is 
(Al) = 0.24±0.11,tat±0.02,y,t, at (W) = 4.9 GeV 
and (Q^) = 1.7 GcV^. No significant dependence 
on any kinematic variable was observed. A ratio 
A^/AJ ^ = 1.9 ± 0.8 of the asymmetry in p° pro- 
duction to that in inclusive lepton-nucleon scat- 
tering was obtained. This result is consistent with 
an early prediction based on the generalised vec- 
tor meson dominance model. 
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